Section S10. Asymmetric transmission CO response of all-dielectric media Fig. S1 . Arrangement of bi-oscillator molecular unit cells in a representative volume of optical media. Fig. S2 . Dependence of the multiplication factor κ on the difference between oscillator frequencies. Fig. S3 . CO response of orthogonally oriented identical nanocuboids in a three-dimensional arrangement. Fig. S4 . Nanofabrication process steps. Fig. S5 . Comparison between calculated CDA and ∆A spectral response. Fig. S6 . Experimental measurements of the CO response of 45° oriented cuboids of equal lengths. Fig. S7 . Isofrequency surfaces and Poynting vectors for the eigenmodes of a biaxial medium. References (39, 40) Section S1. Generalized coupled oscillator model parameter definitions
The displacement and orientation terms corresponding to the two oscillators ⃑ in cartesian coordinates are shown in Fig. 1 of the manuscript. The incident electric field, ⃑ 0 , can be conveniently defined as the sum of transverse-magnetic (TM) and transverse-electric (TE) components as ⃑ 0 = ⃑ + ⃑ , and expressed individually in cartesian coordinates as ⃑ = (−̂cos 0 cos 0 −̂cos 0 sin 0 +̂sin 0 ) (S1) ⃑ = (̂sin 0 −̂cos 0 )
Here, and are the magnitudes of the TM and the TE components, respectively. Inserting equations (S1-S2) into ⃑ 0 gives ⃑ 0 =̂(− cos 0 cos 0 + sin 0 ) +̂(− cos 0 sin 0 − cos 0 ) +̂sin 0 . Substituting Ω = √ 2 − 2 − for = 1, 2 in equations (S2.1-S2.2) gives Solving equations (S3.1-S3.2) simultaneously results in the final expressions for 1 ( ) and 1 ( ) given by equations (2.1-2.2) in the manuscript.
Section S2. Current density response calculation
The current density response is calculated for a volume ∆ of the medium containing 0 unit-cells (fig. S1), each consisting of the two electron oscillators, by performing the following averaging operation detailed in (29)
Evaluating this expression results in
Fig. S1. Arrangement of bi-oscillator molecular unit cells in a representative volume of optical media. A representative volume of media is defined as ∆ = ∆x ∆y ∆z containing 0 unit-cells, each consisting of the two oscillators. This is used in the calculation of the total current density response . Each unit-cell itself is assumed to occupy a volume = x y z assuming x, y, z ≪ 0 where 0 is the free-space wavelength. 
Section S3. Homogeneous material parameters
The susceptibility terms are calculated by expressing equation (S6) in the form = − 0 ⃑ 0 ( ⃑ • − ) , and extracting the tensor elements = 2 (Ω 1 2 Ω 2 2 − 1,2 2,1 ) [(Ω 1 2 sin 2 2 cos 2 2 + Ω 2 2 sin 2 1 cos 2 1 ) − (S7.1)
( 1,2 − ⃑ •( 1 − 2 ) + 2,1 ⃑ •( 1 − 2 ) ) sin 1 cos 1 sin 2 cos 2 ] = 2 (Ω 1 2 Ω 2 2 − 1,2 2,1 ) [(Ω 1 2 sin 2 2 sin 2 cos 2 + Ω 2 2 sin 2 1 sin 1 cos 1 ) − (S7.2)
( 1,2 cos 1 sin 2 − ⃑ •( 1 − 2 ) + 2,1 sin 1 cos 2 ⃑ •( 1 − 2 ) ) sin 1 sin 2 ] = 2 (Ω 1 2 Ω 2 2 − 1,2 2,1 ) [(Ω 1 2 sin 2 cos 2 cos 2 + Ω 2 2 sin 1 cos 1 cos 1 ) − (S7.3)
( 1,2 sin 1 cos 1 cos 2 − ⃑ •( 1 − 2 ) + 2,1 cos 1 sin 2 cos 2 ⃑ •( 1 − 2 ) )] = 2 (Ω 1 2 Ω 2 2 − 1,2 2,1 ) [(Ω 1 2 sin 2 2 sin 2 cos 2 + Ω 2 2 sin 2 1 sin 1 cos 1 ) − (S7.4)
( 1,2 sin 1 cos 2 − ⃑ •( 1 − 2 ) + 2,1 cos 1 sin 2 ⃑ •( 1 − 2 ) ) sin 1 sin 2 ] = 2 (Ω 1 2 Ω 2 2 − 1,2 2,1 ) [(Ω 1 2 sin 2 2 sin 2 2 + Ω 2 2 sin 2 1 sin 2 1 ) − (S7.5)
( 1,2 − ⃑ •( 1 − 2 ) + 2,1 ⃑ •( 1 − 2 ) ) sin 1 sin 1 sin 2 sin 2 ] = 2 (Ω 1 2 Ω 2 2 − 1,2 2,1 ) [(Ω 1 2 sin 2 cos 2 sin 2 + Ω 2 2 sin 1 cos 1 sin 1 ) − (S7.6)
( 1,2 sin 1 sin 1 cos 2 − ⃑ •( 1 − 2 ) + 2,1 cos 1 sin 2 sin 2 ⃑ •( 1 − 2 ) )] = 2 (Ω 1 2 Ω 2 2 − 1,2 2,1 ) [(Ω 1 2 sin 2 cos 2 cos 2 + Ω 2 2 sin 1 cos 1 cos 1 ) − (S7.7)
( 1,2 cos 1 sin 2 cos 2 − ⃑ •( 1 − 2 ) + 2,1 sin 1 cos 1 cos 2 ⃑ •( 1 − 2 ) )] = 2 (Ω 1 2 Ω 2 2 − 1,2 2,1 ) [(Ω 1 2 sin 2 cos 2 sin 2 + Ω 2 2 sin 1 cos 1 sin 1 ) − (S7.8)
( 1,2 cos 1 sin 2 sin 2 − ⃑ •( 1 − 2 ) + 2,1 sin 1 sin 1 cos 2 ⃑ •( 1 − 2 ) )] = 2 (Ω 1 2 Ω 2 2 − 1,2 2,1 ) [(Ω 1 2 cos 2 2 + Ω 2 2 cos 2 1 ) − (S7.9)
To calculate the modified dielectric tensor ( , ) and the non-locality tensor ( , ), the polarization
The susceptibility tensor is expressed as the sum of modified dielectric and non-locality tensors as
with the modified dielectric and non-locality tensors written in matrix form as
Note that the dielectric tensor is calculated from the modified dielectric tensor as ( , ) = ( , ) +
where is the identity matrix. For plane waves, the equivalency ≡ (̂• ∇ ⃑ ⃑ ) holds, allowing one to write the polarization density as ⃑ ( ,
Expanding equations (S7.1-S7.9) using equation (S9) results in the following expressions for the modified dielectric and non-locality tensor elements given respectively as = 2 (Ω 1 2 Ω 2 2 − 1,2 2,1 ) [(Ω 1 2 sin 2 2 cos 2 2 + Ω 2 2 sin 2 1 cos 2 1 ) − (S12.1) cos[ ⃑ • ( 1 − 2 )] ( 1,2 + 2,1 ) sin 1 cos 1 sin 2 cos 2 ] = 2 (Ω 1 2 Ω 2 2 − 1,2 2,1 ) [(Ω 1 2 sin 2 2 sin 2 cos 2 + Ω 2 2 sin 2 1 sin 1 cos 1 ) − (S12.2) cos[ ⃑ • ( 1 − 2 )] ( 1,2 cos 1 sin 2 + 2,1 sin 1 cos 2 ) sin 1 sin 2 ] = 2 (Ω 1 2 Ω 2 2 − 1,2 2,1 ) [(Ω 1 2 sin 2 cos 2 cos 2 + Ω 2 2 sin 1 cos 1 cos 1 ) − (S12.3) cos[ ⃑ • ( 1 − 2 )] ( 1,2 sin 1 cos 1 cos 2 + 2,1 cos 1 sin 2 cos 2 )] = 2 (Ω 1 2 Ω 2 2 − 1,2 2,1 ) [(Ω 1 2 sin 2 2 sin 2 cos 2 + Ω 2 2 sin 2 1 sin 1 cos 1 ) − (S12.4) cos[ ⃑ • ( 1 − 2 )] ( 1,2 sin 1 cos 2 + 2,1 cos 1 sin 2 ) sin 1 sin 2 ] = 2 (Ω 1 2 Ω 2 2 − 1,2 2,1 ) [(Ω 1 2 sin 2 2 sin 2 2 + Ω 2 2 sin 2 1 sin 2 1 ) − (S12.5) cos[ ⃑ • ( 1 − 2 )] ( 1,2 + 2,1 ) sin 1 sin 1 sin 2 sin 2 ] = 2 (Ω 1 2 Ω 2 2 − 1,2 2,1 ) [(Ω 1 2 sin 2 cos 2 sin 2 + Ω 2 2 sin 1 cos 1 sin 1 ) − (S12.6) cos[ ⃑ • ( 1 − 2 )] ( 1,2 sin 1 sin 1 cos 2 + 2,1 cos 1 sin 2 sin 2 )] = 2 (Ω 1 2 Ω 2 2 − 1,2 2,1 ) [(Ω 1 2 sin 2 cos 2 cos 2 + Ω 2 2 sin 1 cos 1 cos 1 ) − (S12.7)
cos[ ⃑ • ( 1 − 2 )] ( 1,2 cos 1 sin 2 cos 2 + 2,1 sin 1 cos 1 cos 2 )] = 2 (Ω 1 2 Ω 2 2 − 1,2 2,1 ) [(Ω 1 2 sin 2 cos 2 sin 2 + Ω 2 2 sin 1 cos 1 sin 1 ) − (S12.8) cos[ ⃑ • ( 1 − 2 )] ( 1,2 cos 1 sin 2 sin 2 + 2,1 sin 1 sin 1 cos 2 )] = 2 (Ω 1 2 Ω 2 2 − 1,2 2,1 ) [(Ω 1 2 cos 2 2 + Ω 2 2 cos 2 1 ) − (S12.9) cos[ ⃑ • ( 1 − 2 )] ( 1,2 + 2,1 ) cos 1 cos 2 ]
and
( 1,2 − 2,1 ) sin 1 cos 1 sin 2 cos 2 ] (S13.1)
( 1,2 sin 1 cos 2 − (S13.2) 2,1 sin 2 cos 1 ) sin 1 sin 2 ]
( 1,2 cos 2 cos 1 sin 2 − (S13.3) 2,1 cos 1 cos 2 sin 1 )]
( 1,2 sin 2 cos 1 − (S13.4) 2,1 sin 1 cos 2 ) sin 1 sin 2 ]
( 1,2 − 2,1 ) sin 1 sin 1 sin 2 sin 2 ] (S13.5)
( 1,2 cos 1 sin 2 sin 2 − (S13.6) 2,1 cos 2 sin 1 sin 1 )]
( 1,2 sin 1 cos 2 cos 1 − (S13.7) 2,1 sin 2 cos 1 cos 2 )]
( 1,2 sin 1 cos 2 sin 1 − (S13.8) 2,1 sin 2 cos 1 sin 2 )]
( 1,2 − 2,1 ) cos 1 cos 2 ] (S13.9)
Section S4. CO response calculation
The current density response = − 0 ⃑ 0 ( ⃑ • − ) can be expanded as
Where, 0, for i = x, y, z corresponds to the magnitude of the three components of the electric field in cartesian coordinates. Taking the absolute value squared of equation (S14) gives
Expanding this expression in cartesian coordinates results in The chiroptical response of the system is defined as ∆ = | | 2 − | | 2 . Inserting equation (S15) into this expression gives ∆ = 0 2 2 (| ⃑ 0 | 2 − | ⃑ 0 * | 2 ). Finally, inserting equations (S16.1 -S16.3) in this ∆ expression results in The nanocuboids in Fig. 2A of the manuscript are aligned parallel to the x-y plane ( 1 = 2 = 2 ⁄ ).
Using this in equations (S12.1-S12.9) and (S13.1-S13.9) shows that , = , = Γ , = Γ , = 0 for = x, y, reducing equation (S17) to The spectral plots for the dependence of |κ| 2 on (∆ )/ calculated under the conditions of Fig. 3C in the manuscript. The magnitude of the multiplication factor decreases as the difference in oscillator frequencies ∆ becomes larger.
Section S6. CO response for two identical, orthogonally oriented nanocuboids at finite
Schematic representation of two orthogonally oriented oscillators of identical lengths ( 1 = 2 = ) corresponding to 1 = 2 = , and symmetric cross-coupling strengths, 1,2 ( ) = 2,1 ( ) = , aligned orthogonal to each other ( 1 = 90° and 2 = 0°) and placed at 1, = 2, = 2 ⁄ separated by a distance along the z-direction. Under these conditions, the modified dielectric tensor elements of equations (S12.1-S12.9) reduce to ϵ = ϵ = Ω 2 2 Ω 4 − 2 (S21) ϵ = 0 and ϵ , = 0 for ≠ . The non-locality tensor elements given by equations (S13.1-S13.9) give Γ , = 0 except for , = , . Assuming ≪ 1, the remaining tensor elements are expressed as 
The chiroptical response, calculated by inserting these tensor elements into equations (6.1) and (6.2) of the manuscript results in ∆ , = 0, and
where the source field is assumed to have a unity magnitude, | 0 | 2 = 1. ∆ Γ, vs. 0 response results in a typical two-fold symmetric spectral lineshape characteristic of optical activity. Under identical conditions, the ∆ Γ, response is also calculated using equation (8.2) of the manuscript, demonstrating the equivalence of the two equations (6.2) and (8.2). The spectral lineshape is also consistent with the results of the Born-Kuhn model (20).
Fig. S3. CO response of orthogonally oriented identical nanocuboids in a three-dimensional arrangement. (A)
Schematic representation of two orthogonally oriented Au nanocuboids, aligned parallel to the x-y plane ( 1 = 90° and 2 = 0°), excited by normally incident light ( 0 = 0°). The two nanocuboids are located at 1, = 2, = 50 nm, and 1, = 2, = 50 nm, corresponding to = 100 nm. The oscillators are designed to exhibit resonance at wavelengths of 1 = 2 = 1300 nm, and coupling strengths 1,2 = 2,1 = 1 × 10 28 s −1 as well as following values for the plasma frequency, = 1.37 × 10 16 s −1 , and damping coefficient, = 1 = 2 = 1.22 × 10 14 s −1 , for Au in the nearinfrared region are used in the calculations (32). (B) The calculated ∆ = ∆ Γ, response obtained by simplifying equation (6.2) to obtain equation (S23). For comparison, the ∆ Γ, response directly calculated using equation (8.2) is also shown, validating that they are equivalent. Section S7. Device fabrication Fig. S4 . Nanofabrication process steps. E-beam resist (PMMA) was spin-coated on a pre-cleaned fused silica substrate, followed by deposition of 20 nm Al film using thermal evaporation. E-beam lithography (at 100 keV) was used to expose the cuboid pattern on the resist, and the exposed resist was developed for 90 s in MIBK followed by 30 s rinse in IPA. Using E-beam evaporation, a 2 nm thick Ti adhesion layer, followed by 40 nm thick Au was deposited. Following deposition, lift-off was carried out by soaking the sample in acetone for twelve-hours. The lift-off procedure leaves Au islands at the location of the exposed regions. The scale bar in the representative top-down SEM image is 500 nm. Experimental CDA measurements for an array of planar Au nanocuboid bi-oscillators, illuminated with free-space light between wavelengths of 0 = 500 nm and 1000 nm, as a function of incidence angle (varying 0 at a fixed 0 = 45°) for nanocuboids of equal lengths ( 1 = 2 =120 nm) oriented at 45° with respect to each other ( 1 = 90° nd 2 = 45°). Top-down scanning-electron microscopy (SEM) images of unit-cells consisting of the two Au nanocuboid oscillators, overlaid with the coordinate system and orientation of the in-plane wavevector of the incident light ( ⃑ ∥ ) along the x-y plane, is shown as an inset in A. Scale bar represents 120 nm in the SEM image. (A-D) Experimentally measured CDA spectra at 0 = 0°, 45°, 90° and 135° (blue plots), and at 180° offset from these angles (red plots) neither shows any clear symmetry in the spectral lineshape, nor a clear inversion in the sign for 0 rotation by 180°. 
Section S10. Asymmetric transmission CO response of all-dielectric media
For dielectric media, the electron-oscillators are bound and described here by amplitude oscillations ⃑ of resonant frequencies = √ * ⁄ for = 1, 2 where is a spring-constant, and * is the effective mass of a bound electron. The plasma frequency is replaced with ̃= √̃2 * 0 ⁄ , where ̃ is the density of bound electrons (39). The damping factor of the oscillators are assumed to be 1 = 2 = and the cross-coupling amplitudes are assumed to be 1,2 = 2,1 = 0. Under these assumptions, all the nonlocality tensor elements Γ , for i, j = x, y, z become zero (equations (S13.1-S13.9)), and the modified dielectric tensor elements , (equations (S12.1-S12.9)) are expressed as =̃2 Ω 1 2 Ω 2 2 (Ω 1 2 sin 2 2 cos 2 2 + Ω 2 2 sin 2 1 cos 2 1 ) (S24.1)
=̃2 Ω 1 2 Ω 2 2 (Ω 1 2 sin 2 2 sin 2 cos 2 + Ω 2 2 sin 2 1 sin 1 cos 1 ) (S24.2)
=̃2 Ω 1 2 Ω 2 2 (Ω 1 2 sin 2 cos 2 cos 2 + Ω 2 2 sin 1 cos 1 cos 1 ) (S24.3)
=̃2 Ω 1 2 Ω 2 2 (Ω 1 2 sin 2 2 sin 2 cos 2 + Ω 2 2 sin 2 1 sin 1 cos 1 ) (S24.4)
=̃2 Ω 1 2 Ω 2 2 (Ω 1 2 sin 2 2 sin 2 2 + Ω 2 2 sin 2 1 sin 2 1 ) (S24.5)
=̃2 Ω 1 2 Ω 2 2 (Ω 1 2 sin 2 cos 2 sin 2 + Ω 2 2 sin 1 cos 1 sin 1 ) (S24.6)
=̃2 Ω 1 2 Ω 2 2 (Ω 1 2 sin 2 cos 2 cos 2 + Ω 2 2 sin 1 cos 1 cos 1 ) (S24.7)
=̃2 Ω 1 2 Ω 2 2 (Ω 1 2 sin 2 cos 2 sin 2 + Ω 2 2 sin 1 cos 1 sin 1 ) (S24.8)
=̃2 Ω 1 2 Ω 2 2 (Ω 1 2 cos 2 2 + Ω 2 2 cos 2 1 ) (S24.9)
We define an impermittivity tensor, ( , ), in terms of the modified dielectric tensor, ( , ), expressed as (36)
with tensor elements , for , = 1, 2 and 3.
The electric-flux density within the medium can be written as ⃑ ⃑ =̂1 1 +̂2 2 +̂3 3 where ̂1 = −̂, ̂2 =̂,̂3 =̂. The dispersion relation of the system is calculated using the relationship between electric flux density ⃑ ⃑ and electric field ⃑ , given by ⃑ = ⃑ ⃑ , and the relationship between magnetic field ⃑ ⃑ and magnetic flux density ⃑ , given by ⃑ ⃑ = 0 −1 ⃑ , where 0 is the permeability of free-space. From equation (S25) and the field expressions, results in the dispersion relation for an arbitrarily oriented source field expressed as (40)
The phase velocities ± for the eigenmodes of the system are found by setting the determinant of the matrix expression of equation ( By choosing certain oscillator parameters, the characteristic waves satisfying equation (S28) can be made circularly polarized ( 2 1 ⁄ ≈ ± ). One such set of parameters that satisfy this condition is achieved by setting the oscillator resonance wavelengths to 1 = 2 = 450 nm, and assuming the damping factor to be = 9.29 × 10 14 s −1 , and ̃= 4.54 × 10 15 s −1 . Additionally, the first oscillator is assumed to be oriented at 1 = 165° and 1 = 308°, and the second oscillator at 2 = 22° and 2 = 156°. Inserting these assumptions in equation (S28), results in 2 1 ⁄ ≈ ± for a source field at normal incidence, 0 = 0° (fig. S7 ). The direction of power propagation for each eigenmode is determined from the direction normal to the k-surface, calculated from equations (S27) (40). As shown in fig. S7D , the Poynting vectors + and − , corresponding to the RCP and LCP components in this configuration, respectively, propagate in different directions. An additional deployment of geometric phase further enables independent phase-front manipulation of these two components ( fig. S7E ). This illustrates that a strong far-field CO response may be measured in all-dielectric optical media through spatial filtering of either the RCP or the LCP light.
Fig. S7. Isofrequency surfaces and Poynting vectors for the eigenmodes of a biaxial medium. (A-C)
The isofrequency surface plots in normalized k-space along the three characteristic planes corresponding to the right and left-handed eigenmodes, + = + ⁄ (red) and − = − ⁄ (blue) respectively, of an alldielectric biaxial medium. The eigenmodes are calculated at = 4.19 × 10 15 s −1 . The corresponding Poynting vectors ( + and − , for the RCP and LCP components, respectively) for a linearly polarized (LP) light normally incident on the medium, 0 = 0°, and propagating parallel to the z-direction is also shown. (D) A schematic of power propagation, in the medium, along different directions for the two characteristic opposite handedness waves. Although ⃑ + and ⃑ − both propagate along the z-axis, the Poynting vectors for the two eigenmodes are not parallel. + continues to propagate along the z-axis, but − propagates at an angle relative to the x-axis and angle relative to the z-axis. (E) The introduction of a geometric phase enables circular birefringence, where ⃑ + and ⃑ − each refract at different angles + ( + ) and − ( − ) relative to the z-axis (x-axis), respectively. This ability to manipulate wavefronts through geometric phase enable applications such as CP sensitive holographic imaging (24) and selective focusing of CP light (38). 
